ABSTRACT Occupation was evaluated as a potential risk factor for lung cancer as part of a large population based case-control study conducted in the ten urban districts of Shanghai. A total of 733 newly diagnosed cases of male lung cancer and 760 controls selected from the general population was interviewed to obtain lifetime occupational histories and information on smoking and other factors. Of the approximately 25 major industrial titles examined, significantly raised risks, adjusted for smoking, were found for employment in agricultural production (odds ratio (OR) = 1 6, 95% confidence interval (CI) = 1 0-2-6). A concomitant increase was detected for farmers (OR = 1 6, 95% CI = 1 0-2 5) when 35 major occupational titles were examined. There was a 70% excess among workers in the chemical industry (OR = 1 7, 95 % CI = 0-9-3*1) and a significant decrease among textile industry workers (OR = 0 7, 95% CI = 0 5-1 0). Raised risks of 30% to 80% were associated with reported job exposures to wood and coal dusts, smoke from burning fuels, and chemical fumes. Employment categories were also examined for 672 cases and 735 controls among women, but small numbers in many of the industrial and occupational categories precluded detailed analyses. The largest excess risk among women (OR = 5-1, 95% CI 1 3-23-5) was among glass products workers. Although cigarette smoking was the dominant cause of lung cancer among men and a significant risk factor among women in Shanghai, these findings suggest the importance of certain workplace exposures and offer leads to occupational carcinogens. Shanghai, the largest and most industrialised city in China, has the highest lung cancer death rate in the country.'2 Data from the Shanghai Cancer Registry show an annual age standardised incidence rate (age adjusted to the world population) of 52 per 100 000 in men,3 a rate somewhat lower than that observed among white men in the United States (60 per 100 000 based on calculations of United States incidence data4 using the world population as a standard) but comparable with many rates in other western countries.5
Shanghai, the largest and most industrialised city in China, has the highest lung cancer death rate in the country.'2 Data from the Shanghai Cancer Registry show an annual age standardised incidence rate (age adjusted to the world population) of 52 per 100 000 in men,3 a rate somewhat lower than that observed among white men in the United States (60 per 100 000 based on calculations of United States incidence data4 using the world population as a standard) but comparable with many rates in other western countries. 5 To evaluate the high rate of lung cancer in Shanghai, a population based case-control study was begun in 1984. 6 Although occupation was but one of several factors under examination, the Shanghai Lung Cancer Study offered advantages in assessing occupational lung cancer because of its large size and its setting in a major manufacturing centre with a cooperative, accessible, and relatively stable worker population engaged in various industries. Furthermore, ascertainment of Accepted 22 June 1987 smoking histories allowed adjustment for this important risk factor. The study was designed to test existing hypotheses relating lung cancer to certain major urban industries-for example, shipbuilding, metal manufacturing and foundry work, and textile productionand to generate new clues to occupational carcinogens in an area of the world where few studies have been carried out.
Occupation and lung cancer in Shanghai: a case-control study histological slides checked by two senior pathologists.
Controls were randomly selected from strata of the general population of the Shanghai urban area so that the case and control series would have similar age distributions. The total number of controls was specified to be 760, the approximate annual number of cases ascertained during 1980-1, with the proportion in each five year age group comparable with that observed for cases of lung cancer during this period. The randomisation process was based on the neighbourhood committee, a geographical boundary established by the municipal government. To obtain a control in a particular age group, a neighbourhood committee was randomly selected from among the nearly 1300 committees in urban Shanghai. In Shanghai the neighbourhood committees contain between 3500 and 5000 individuals and are further subdivided into approximately [10] [11] [12] [13] [14] [15] household groups. A household group within the neighbourhood committee was then randomly selected and the names of all men within the five year age group were collected. Among all those eligible for the given age group, two potential controls were randomly chosen. If an interview was not obtained from the first control then a second control was selected.
Although our occupational analyses focused on men, female cases and controls were also enrolled (following the same methods as those described for men, except for a one year longer case ascertainment period).
DATA COLLECTION
A structured questionnaire was used to obtain occupational, smoking, and other information from the study participants. Personal interviews were conducted either in the subject's home, in the hospital, or at the worksite by interviewers trained in the use of the questionnaire. The questionnaire was designed to obtain detailed information on every job a subject had held for at least one year since the age of 16. For each job, the subject was asked to give a description of his duties, the job title, the industry, and the years employment started and ended. In addition, the subject was asked if he was exposed to a variety of dusts (such as dust from wood, coal, silica, asbestos, textile fibres, or others), smoke (from burning fuel), or chemical fumes while at the particular job.
ANALYTICAL METHODS
The employment data were classified using both industrial and occupational headings defined for the 1982 Chinese population census (Foreign Broadcast Information Services, 1985) . The census code grouped industries and occupations according to three levels of increasing detail: the major headings reflected general industry or occupation groupings, whereas the two and three digit categories provided finer, more specific classifications of each industry or occupation. In the tables presented below only the major headings and the two digit employment groups having more than 20 study participants were listed. Data with lung cancer among Shanghai residents over this fixed period and a representative sample of the population from which the cases arose. Table 1 presents smoking adjusted risks for men who were ever employed in the industries reported by more than 20 subjects. Listed are all the major industry headings (in Roman numerals) and the two digit categories under agriculture and manufacturing. A significantly increased risk of lung cancer was found for employment in agricultural production (OR = 1-6, 95% CI = 1-0-2-6). The largest increase in risk was observed for the chemical industry (OR = 1 7,95% CI = 0-9-3-1). The highest risk among the three digit subcategories within the chemical industry was found for individuals ever employed in the making of soaps, detergents, perfumes, and cosmetics (13 cases, 6 controls; OR = 3-2, 95% CI = 1-0-10-5). A raised risk was also seen for the three digit category representing employment in raw chemical and materials manufacturing (15 cases, 10 controls; OR = 19, 95% CI = 0 7-5-1). The textile industry was the only industry for which the risk was significantly less than one (OR = 0 7, 95% CI = 0-5-1-0), with most workers engaged in cotton spinning and weaving. In addition, no unusual risks were observed for certain industrial categories of a priori interest, including rubber and plastic products manufacturing (OR = 1-0, 95% CI = 04-2 2). (9, 6) 1-6 (2, 1) 1-7 (7, 4) 1-1 (12, 9)
*Men employed in more than one industry are included in each industry in which they worked; excluded are two controls with unknown smoking history and one case with unknown duration of employment.
tFor each industry, reference category consists of men never employed in that industry; all odds ratios are adjusted for smoking and age. Tanning, fur making, and fur products manufacturing ) *Men employed in more than one occupation are included in each occupation in which they worked.
tFor each occupation, reference category consists of men never employed in that occupation; all odds ratios are adjusted for smoking and age. Table 3 shows the risks for men ever employed in each occupational category. As in the industry analysis, only occupations with more than 20 people were included in the table. Odds ratios are presented for all the major occupational headings as well as for the two digit categories under agriculture and production. None of the occupations showed a significantly increased risk of lung cancer. Similar to the results for industrial groups, raised risks were detected among agricultural workers (OR = 1 6) and chemical workers (OR = 1-4). Among two digit categories of a priori interest, raised risks were observed among printers (OR = 1-5, 95% CI = 0-6-3-5) and painters (OR = 1 4, 95% CI = 0 5-3 5). For three digit occupational categories of a priori interest, a 60% excess risk of lung cancer was seen among foundry workers (24 cases, 15 controls; OR = 16, 95% CI = 0 8-3 4) but the risk among all workers in metal (mostly ferrous) smelters was not particularly high (OR = 1 1, 95% CI = 0 7-1 7). Some excess risk was found among metal forgers, tool makers, and machine tools installers, and operators (OR = 1 4, 95% CI = 1 0-1 9). Increased risks were also detected for construction workers (OR = 1 4, 95% CI = 0-8-2 5) but not for the category of pipefitters, welders, cold workers, and metal component installers (OR = 0 9, 95% CI = 0-5-1-7).
Although decreased risks were observed for several occupations, including textile workers (OR = 0 7, 95% CI = 0-5-1 2), risks of lung cancer were not significantly low for any occupational categories at either the general or the two digit level. Table 4 presents risks according to duration of employment for the occupations of a priori interest. There were no upward trends with increasing duration of employment and a decreasing trend was observed for foundry workers. Further analyses showed that men initially employed as metal forgers and tool makers less than 20 years ago had a much greater risk We also looked at duration of employment and years since initial employment for other industries and occupations with an OR > 1-4 or < 0-7 but found little indication of consistent trends for any category.
All risks given in the tables are adjusted for the effects of cigarette smoking, the major determinant of lung cancer in this population. We also examined potential interactions between smoking and occupation, separating non-smokers and smokers and classifying smokers by amount smoked. For nearly all of the industries and occupations listed in tables 2 and 4 with ORs above 1-0, risks tended to remain raised in every smoking category. For agricultural workers, however, the excess was limited to smokers, with the greatest risk occurring among heavy smokers. A persistently low risk of lung cancer associated with the textile industry was seen in all smoking categories.
Risks of lung cancer according to histological type are shown in table 5 for those employment categories of a priori interest where sufficient numbers allowed such an analysis. For most industrial and occupational groups, the ORs did not vary by cell type. Excess risks of oat cell cancer, however, were observed for employment in the chemical industry (OR = 3.4, based on five cases) and the metallurgical industry (OR = 2-4, based on 14 cases), and for the occupational category including pipefitters and welders (OR = 2-0, based on four cases).
We also evaluated risks of lung cancer according to self reported exposure to various dusts, smoke, and fumes at the workplace (table 6). Relative to those reporting exposure to none of these substances, a significantly increased risk was observed for those reporting exposures to wood dust (OR = 1-7, 95% CI = 1.0-2.7), other dusts (OR = 16, 95% CI = 1 1-2-1), smoke from burning fuels (OR = 18, 95% CI = 13-2-5), and chemical fumes (OR = 1-7, 95% CI = 13-2-3).A30%excess(OR = 1-3,95% CI = 10-19) was associated with exposure to coal dust. These raised risks tended to occur across all smoking categories, but there was no evidence of a positive trend with years employed in occupations where the respondent reported exposure to dusts, smoke, or fumes. Exposures to wood dust were reported for only a few industries and occupations such as timber production and furniture making, but exposures to coal dust, chemical fumes, and smoke from burning fuels were more widely distributed-for example, cooks, metal smelting workers, machinery manufacturing workers, metal forgers and tool makers, and chemical workers. The OR for cooks reporting tReference category consists of men never exposed to any dusts, smoke (other than cigarettes), or fumes while at the workplace; adjusted for smoking and age. $P = 0-04.
exposure to coal dust, compared with non-cooks reporting no exposure to dusts, smoke, or fumes, was 2-2 (95% CI = 1* 1-4-6), the highest risk among all the major industry/occupation categories involving exposure to coal dust. We also examined risks of lung cancer by industrial and occupational categories for women. A total of 672 female cases and 735 female controls was interviewed but small numbers in many of the industrial and occupational categories precluded a detailed analysis. Nevertheless, of the employment categories that showed raised risks of lung cancer among men, increases among women were observed for metallurigical, shipbuilding, and construction workers but not for agricultural or chemical workers. No concomitant deficit was observed among female textile workers, although a lowered risk was found for those employed in cotton mills. A significantly increased risk of lung cancer among women was associated with employment in non-metallic minerals products manufacturing (OR = 2-5, 95% CI = 1[0-62, based on 21 cases and nine controls), due mainly to work in glass and glass products manufacturing (OR = 5 1, 95% CI = 1-3-23-5, based on 15 cases and three controls). Risks reached over sevenfold for women working 20 or more years in this industry. Among occupational groups, the general category of professionals and technicians showed a significantly increased risk of lung cancer (OR = 1-4, 95% CI = 1-0-2-0, based on 99 cases and 88 controls), with most of the increase found among the two digit headings, medical and health technicians and economic affairs personnel. Increased risks, similar to those observed among men, were also associated with self reported 456 exposure to wood and coal dusts, smoke from burning fuels, and chemical and other fumes.
Discussion
This large population based case-control study of lung cancer in urban Shanghai systematically examined over 60 industries and occupations and identified several with either an increased or decreased risk of lung cancer. Although some findings may be due to chance as a result of multiple comparisons, most are consistent with those of previous investigations in other countries.
In the examination of industrial groups raised risks of lung cancer were found for employment in agricultural production and in the chemical industry. The excess among agricultural workers was unexpected, since decreased risks oflung cancer typically have been reported for farmers.9 This reduction in risk usually is attributed to the lower prevalence of smoking in this group.'" Our data suggest, however, that the smoking habits among Shanghai agricultural workers were generally similar to those of other industrial groups and the raised risks persisted after adjustment for smoking. This finding must be interpreted cautiously, since there was no excess among women, no trend in risk with duration of employment, and most men began working more than 30 Society cohort study' showed a significant excess of lung cancer and a possible interaction with smoking.
The raised risk of lung cancer among those reporting exposure to coal dust seems noteworthy, despite the absence of an association in most studies of coal miners.4"42 Few men or women in Shanghai were engaged in mining but exposure to coal dust was reported in various industries (such as non-metallic minerals, metallurgical, machinery manufacturing, transportation, commerce, and food and beverages) and occupations-for example, cooks, metal smelting and treatment workers, metal forgers and tool makers, loading machine and other related equipment operators, and transportation equipment operators. Exposure to coal dust also occurs commonly in the non-occupational setting, since coal is one of the principal fuels used in home cooking in Shanghai. Thus it is interesting that among those reporting occupational exposure to coal dust, the highest OR was among cooks. In western countries raised rates of lung cancer have been reported among cooks, although attention has centred on the possible effects of polycyclic hydrocarbons or nitrosamines in cooking fumes. 43" Previous studies have suggested that squamous cell and small cell anaplastic (oat cell) carcinomas are more likely than adenocarcinoma to be associated with occupational exposures.43" We found, however, only slight differences in risk by cell type for most occupational or industrial categories. Whether the higher risk ofoat cell cancer in the chemical industry is related to exposure to bis(chloromethyl)ether deserves further study. 20 Several limitations should be kept in mind when interpreting our results. Firstly, some of the statistically significant findings may be chance occurrences due to the large number of employment categories evaluated. Secondly, analyses based on job titles suffer from possible misclassification as well as the inability to define particular exposures that may change over time. 47 Finally, information on dusts, smoke, and fumes obtained in this study was based on self reporting (although specific questions on exposure to dust were asked) and thus may be influenced by recall bias and other subjective criteria.
A major advantage of this study was the detailed information collected on cigarette smoking, the primary cause of lung cancer in this population. The risks of lung cancer increased steadily with amount smoked in patterns resembling those seen in western countries. For squamous and oat cell cancers, the link to smoking was stronger than for adenocarcinoma. Smoking habits, however, did not appreciably alter the associations between the employment groups and risks of lung cancer, although some industrial exposures-for example, agricultural productionmay have potentiated the carcinogenic risks of smoking. In summary, this case-control study of lung cancer in Shanghai showed increased risks for employment in the chemical industry and agricultural production, generating hypotheses that deserve further examination. Excess risks were also found for employment in shipbuilding, construction, foundry work, metal forging and tool making, printing, painting, and glass making, consistent with observations from western countries.2`27 The relations to coal and wood dust warrant further study, particularly since these exposures are common in China. Finally, the smoking adjusted reduced risk among textile workers is consistent with reports outside ofChina and may offer a clue to protective factors. These findings provide a basis for further research on workplace exposures in China and elsewhere that may improve our understanding of the aetiology of lung cancer.
